The purpose of this paper is to empirically study factors that facilitate the adoption of building information modelling (BIM) among practitioners using the unified theory of technology acceptance model (TAM). The factors identified in the TAM were examined using a quantitative approach. The empirical investigation has been conducted using a survey questionnaire. The data set has been obtained from 73 architects and engineers in Peru. Results show that Perceived Usefulness (PU) is the most important determinant of Behavioural Intention (BI), while Perceived Ease of Use (PEOU) is found to have no significant effect on BI. The findings provide an excellent backdrop in the development of policy and a roadmap for BIM implementation in Peru. The original contribution and value of the paper is the use of TAM to provide empirical evidence on factors that facilitate BIM adoption in Peru.
INTRODUCTION
Building Information Modelling (BIM) is one of the most transcendental changes in the Architectural, Engineering, Construction and Operations (AECO) sector as it is a technology providing a solution in the management of projects and its useful life (Galiano-Garrigós and Andújar-Montoya, 2018) . Despite these benefits, the use of BIM is not the same extensive in countries all around the world. Specifically, European and North American countries have assumed this technological change very fast leading to a standard of BIM use. However, as stated by Hamma-adama and Kouider (2019) , South American countries present a general misused of BIM: they are limited at design stage and show low level of maturity or knowledge on this regard.
Behind the reasons of that different trends among the regions are factors like legal and intellectual property issues (Lu and Korman, 2010) , resistance to change and cultural reasons (Gu and London, 2010) , lack of collaboration among those involved in the projects (Gurevich, Sacks and Shrestha, 2017) , lack of training (Lee and Yu, 2017) and problems with software and hardware (Gilligan and Kunz, 2007) . All of them are the typical factors pointed out when a new technology has to be accepted by a group of users. In Peru, BIM has been used for few national governmental projects with great success, e.g. the Pan American Games 2019 (Ministry of Economy and Finance, 2018) . However, it can hardly be called a common practice at the Peruvian AECO sector.
To explain the central part of the innovations adaptation process, the Technology Acceptance Model (TAM) was developed by Davis (1989) and this has been adapted to several technological advances in different social contexts since 1989. To the date, TAM has been used to explain BIM acceptance in countries like Korea (Lee and Yu, 2016) , China (Xu, Feng and Li, 2014) , Ghana (Acquah, Eyiah and Oteng, 2018) and the UK (Ahmed and Kassem, 2018) . These previous studies pointed out very different results among each context were was performed and there is no one in a South American country to the date.
Because of the above, this research aims to empirically test factors that facilitate the adoption of BIM in Peru using the unified theory of TAM. To do that, a data set of 73 Peruvian practitioners has obtained thanks to a survey adapted and distributed by the authors. Over that data set, PLS-SEM structural equation modelling was performed. To obtain the results which will drive to a series of conclusions. Next, the conceptual framework and hypotheses development are shown.
CONCEPTUAL FRAMEWORK AND HYPOTHESES DEVELOPMENT
There are plenty of definitions for BIM, but many of them came from software's companies that define BIM in accordance with their product's capabilities (Eastman et al., 2018) . Taking BIM's definitions from a set of authors (Lee, Yu and Jeong, 2015; Azhar, 2011; Chen and Nguyen, 2016; López and Ballesteros, 2018; Bynum, Issa and Olbina, 2013) it could be said that BIM is an organized and collaborative workflow which is supported by digital technologies in order to generate and use data in the whole building's lifecycle (design, construction, facility management). Besides, BIM's benefits and its potential applications are not just limited for building's ones but also allows connection with IT (Information technology) and electronic technology. Therefore, it could be said that BIM allows collaboration with other outsides AECO industry disciplines. Table 1 shows a BIM's benefits and potential applications list.
Because of these benefits, there are many government and public organizations initiatives that try to introduce BIM in public projects. That is why BIM codes already exist in countries such as United States, United Kingdom, Norway, Denmark, Finland, Hong Kong, South Korea, Singapore, Spain and Chile (Gajendran and Le Goff, 2019; Lee and Yu, 2016; Lee and Yu, 2017; Gurevich, Sacks and Shrestha, 2017; CORFO, 2019) . Nevertheless, BIM implementation in AECO Industry presents difficulties that generate lag in its standardization. Table 2 shows main problems in BIM implementations taken from many researches.
In order to explain the different level of innovations' adoption, Davis developed the Technology Acceptance Model (TAM) (Davis, 1989) . This model is an adaptation taken from Theory of Reasoned Action (TRA) and the Theory of Planned Behaviour (TPB). Many researches use TAM as the main model to characterize the BIM acceptance that professionals show. In this line, one interesting research (Lee and Yu, 2017 ) makes a comparison between AECO professionals from Korea and United States, which shows differences in the results of the hypotheses. Therefore, this research shows a cultural characterization, because it suggests that Korea is a collectivist society, whilst American society is an individualist society. Besides, one of the potential applications of BIM is the interaction with electronic technologies, that is why in Lee et al. (2012) , it uses TAM model in order to understand users' behaviour of a BIM real-time model and smart sensor based tower crane navigation system for blind lifts. Also, Kim, Park and Chin (2015) ; and Xu, Feng and Li (2014) use a model which is the result of blending model TAM with external factors developed by the authors of the research, in order to characterize BIM acceptance in Korea and China. Finally, Ahmed and Kassem (2018) developed an own model based in United Kingdom BIM acceptance. It's important to highlight that the contribution of each research, although they are based on the same technology acceptance model, are the diverse external factors, which are different from each other; this is due to 2 circumstances: researcher's perspective and each society particularities. Because of that, Davis suggests that future researchers have to develop more own external factors, in order to have a better understanding of any complex social phenomenon (1989) . Finally, Acquah et al. (2018) demonstrated that TAM model is useful in an African context to explain BIM acceptance factors. (2011) Sacks (2004) Ahmed and Kassem (2018); Lee et al. (2012) Allows connection with many IT technologies, such as GIS (Geographic Information Systems), databases (SQL, Excel) which are related to the BigData guidelines.
Ahmed and Kassem (2018); Lu, Lai and Tse (2019); Irizarry, Karan and Jalaei (2013); Liu and Issa (2012) (2015); Kim, Park and Chin (2015) ; BIM Task Group (2011).
Lack of training and direction in the use BIM and its regulations Gu and London (2010) ; Lee and Yu (2017) ; Gilligan and Kunz (2007) ; Lee, Yu and Jeong (2015) ; BIM Task Group (2011); Building Cost Information Service (2011); Newton and Chileshe (2012) .
Problems related to software and hardware Lee, Yu and Jeong (2015) ; Gilligan and Kunz (2007) ; Lee and Yu (2017) ; BIM Task Group (2011).
As it was already pointed out, the goal of TAM is to predict users' acceptance of a technological innovation y explain their individual behaviour (Hameed and Counsell, 2012) . Originally, the first TAM model developed by Davis (1989) has been evolving, since researchers have been enhancing and increasing external factors, arriving at TAM3 model developed by Venkatesh and Bala (2008) which we have consider to develop our conceptual model (Fig. 1) .
FIG. 1: Conceptual model and hypotheses
Firstly, TAM identifies 2 factors which are determinants of Behaviour Intention (BI) to use the new technology and this BI will drive to Usage Behaviour (UB). Perceived usefulness (PU) is defined as the extent to which a person believes that using the system will enhance job performance and Perceived Ease of Use (PEOU) which is defined as the extent to which a person believes that using the system will be free of effort (Lee, Yu and Jeong, 2015) . Additionally, TAM3 identified PEOU like and antecedent to PU. Nevertheless, TAM assume the effect of external variables on BI. Because of that we introduced in our model the age of respondent like a key moderator as it was pointed out by Venkatesh et al. (2003) . Finally, it is our aim to test every possible mediation effects among constructs. Therefore, our research hypotheses are:
H1. There is a positive relationship between PEOU and BI.
H2. There is a positive relationship between PEOU and PU.
H3. There is a positive relationship PU and BI.
H4. There is a positive relationship BI and UB.
H5. PU positively mediates the link between PEOU and BI.
H6. BI positively mediates the link between PEOU and UB.
H7. BI positively mediates the link between PU and UB.
METHODOLOGY AND RESULTS
To begin with the survey, it was designed adapting a BIM oriented previous one (Loyola, 2016) validated in Chile. This was due to that country has a similar cultural context as both countries, together with Colombia and Mexico, are part of the "Alianza del Pacífico" because of that similarities. The data set was collected thanks to an on-line survey send to the target group of respondents throw the Professional Associations of Architects and Engineers. Respondents must be active members of that associations which implies owning a university degree and a certain work experience. As a result, we were able to get a data set of 73 architects and engineers between 23 and 66 years' old who work in Peru. A broad descriptive analysis of the information collected is available in Vizcarra-Aparicio (2018). This paper uses partial least squares (PLS-SEM) to assess the research model and hypotheses posited. PLS is a variance-based structural equation modeling technique that models and links concepts as latent variables or constructs approached though indicators or manifest variables (Roldán and Sánchez-Franco, 2012) . This technique was chosen because the variables underlying the conceptual model are modelled as composite constructs. Plenty of conceptual and empirical studies recommend the use of PLS when a composite measurement model is supported (Rigdon, 2012; Becker et al., 2013; Sarstedt, 2016 . Additionally, this paper emphasizes the prediction of the dependent variables (Hair, Ringle and Sarstedt, 2011) . Moreover, SmartPLS 3.2.7 software was used (Hair et al., 2014) .
PLS models ought to be analyzed in two steps: (i) the assessment of the measurement model -the assessment of the reliability and validity of the measures-and (ii) the examination of the sign and significance of the structural relationships between the variables in the model -structural model assessment-. . This implies that the outer weights and the existence of potential multicollinearity among the items should be assessed. It can be observed that PEOU1 (weight = 0.993) majorly contributes to form the PEOU construct and that multicollinearity is not a concern in our paper, since all the VIF (variance inflation factor) values are well under the 3.3 threshold (Petter, Straub and Rai, 2007) . On the other hand, PU is measured as a composite construct in Mode A. Hence, traditional tests for measuring internal consistency, reliability and validity might be applied (Henseler, Ringle and Sarstedt, 2015) . First, the indicators' outer loadings are generally above the 0.707 critical level. However, one of them (PU1) is marginally below this threshold. Thus, we chose to keep it to maintain the content validity of the scale. We had to delete the item PU2 item, given that its outer loading (0.048) was too low. Therefore, individual item reliability is considered satisfactory in this study. Besides, the requisite of construct-level reliability is also complied, since the values observed for the Dijkstra-Henseler's indicator (Rho_A) and composite reliability surpass the 0.7 threshold. In addition, convergent validity is also attained, given that the average variance extracted (AVE) value surpass the 0.5 cut-off. Finally, Table 5 discloses that the variables reach discriminant validity accordingly with both the Fornell-Larcker and the Heterotrait-Monotrait (HTMT) approaches (Henseler, Ringle and Sarstedt, 2015) . This implies that the variables constructs are significantly different between each other. With regard to BI and UB, both are modelled as single-item variables. (Kline, 2015) .
According to Hair et al. (2011) , a 5,000 resamples bootstrapping procedure was computed to generate the tstatistics, p-values, standard errors, and 95% BCCI (bias corrected confidence intervals) that permit the examination of the sign and significance of the relationships hypothesized in the research model. Table 6 encompasses the main structural model results. PLS-SEM uses the coefficient of determination (R2 coefficient) as the main criterion to examine the amount of explained variance of the dependent variables. Hence, the results comprised in Table 6 validate the structural model that this paper posits, since they show that it offers satisfactory predictive power for the endogenous constructs. Additionally, two of the direct effects (PU BI and BI UB) hypothesized in the conceptual model are revealed positive and significant, whereas the two other direct links posited (PEOU BI and PEOU PU) are found to be non-significant. This work also finds support for the existence of an indirect (mediation) effect of PU on UB via BI (PU BI UB), while the other two indirect effects hypothesized (PEOU PU BI and PEOU BI UB) are shown to be non-significant. Finally, a negative significant effect of the external variable analysed (age) over BI was found. To a complete understanding of these findings, our research model is presented with the results of our hypothesis tests (Fig. 2) . 
DISCUSSION AND CONCLUSSIONS
In line with previous literature, this research analyses the determinants of BIM acceptance in Peru. With this aim, TAM3 was assumed as a conceptual model, like other authors already did in different contexts. Results have shown that Perceived Usefulness (PU) is the most important driver to predict Behavioural Intention (BI) instead of Perceived Ease of Use (PEOU). These results are in line with similar studies analysing BIM acceptance in other countries. That is the case of China, were PU happened to be a primary determinant as well (Xu, Feng & Li, 2014) . This is similar to the results obtained by Wu et al. (2016) , where experts had high levels of PU that influence high levels of BI as well. The same author also stated no significant connection between PEOU and BI for both cases, experts and novices. However, Xu, Feng & Li (2014) states PEOU has an important effect as well, different to our findings. It's important to highlight that Xu, Feng & Li (2014) based their results on participants with considerable expertise on the BIM use, whine Wu et al. (2016) ran a study with novice and experts at the construction field in general.
Our results demonstrated that PEOU is not a significant determinant of the BIM in the Peruvian context, as it was found in the case of Korea (Son, H. Lee S. & Kim, 2015; Le, Yu & Jeong, 2015) . Moreover, as the general TAM theory establishes, a significant relation between BI and UB is supported. This means that the intention to use BIM leads to the actual use of the system in the Peruvian case. Additionally, related to the mediation effects, only BI seems to have an effect between PU and UB. Finally, the age of respondent seems to be a barrier of BIM implementation as a negative relation of that construct has been demonstrated. However, this is not an unexpected finding since previous research has identified such as negative correlation between technology acceptance and age (Tam, 2014) .
Therefore, these results can be used to develop a BIM acceptance strategy by Peruvian government and other institutions persecuting its massive implementation on the country. That strategy would consider that PU is the key factor to adopt BIM among AECO professionals, so communications and learning tools must consider this as a central point.
Regarding limitations on this research, it is important to note the focus on a single country so there is a need to test the TAM model for BIM in other south American nations in order to determine if these results could be generalized. It could also be interesting would be to replicate the study in different countries of the region in order to assess if there is a representative pattern based on contextual variables. Finally, there are other expanded TAM conceptual frameworks that can be tested to get a broader number of items to analyse. This is considered a limitation of TAM, specifically regarding its simplicity and abstractness Ajibade (2018), however our research finding represent a precedent to settle a baseline to elaborate on a more holistic theory of BIM acceptance.
